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Abstract 
The objective of this study is to develop a measurement system for blue light blocking lens. The main features of the system are 
using a light pulse modulator and filtering circuit technology to prevent ambient light interference, no any expensive optical 
filters are needed. Our system is composed of a transmitter circuit, a receiver circuit and a signal processing circuit. The 
transceiver driving circuit including the modulated LED of 10kHz and measured the light signals from unwanted noise and 
unmodulated all light by a photodiode, and then converted by the transimpedance amplifer. The transmitter circuit uses 
Darlington drive circuit to optimize the LED operating current. The percentage error of the transmittance data is nearly 6%, 
compared with that of the OCEAN USB 2000 spectrometer's, so proved that this device is feasibility. This experiment has also 
shown that the chromaticity coordinates will be changed when using blue light lens. Based on the experiment, the brightness 
of the blue light blocking lenses cannot be too low which will cause color deviation problems. From the analysis 
result in table 4, the color deviation is nearly 17% at green blocking blue light lenses and 21% at yellow blocking 
blue light lenses on y coordinates. Therefore, these two blocking blue light lenses are not suitable for use as blue 
light blocking lenses. The color deviation of coated blue film and brown 20% blocking blue light lens have nearly 
3% on x-y coordinates. But, those of 8% in 30% brown and 17% in green lenses are also not suitable for blue light 
blocking lens using. Thus the most suitable for blue light blocking lenses using is 20% brown blocking lens. In the 
future, this proposed device may be used as a powerful measurement tool on the eyeglasses test line. 
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1. Introduction 
Blue light spectral range is 380-500nm, through the eyes' experiments confirmed that is harmful to retina [1]. 
At long term exposure to blue light can induce formation of toxic reactive oxygen species that causes photochemical 
damage, which leading to the death by apoptosis first of critical retinal pigment epithelial (RPE) cells and induces 
the retinal disorders, like age-related macular degeneration (AMD). It is established that this damage is 
photochemical, not thermal, and studies in primates have made it possible to define the action spectrum for this type 
of damage, whose peak is around 440nm [2-5]. With age, the lens absorbs more and more blue light, and in this way, 
protects the retina [6, 7]. 
Usually the outdoor's blue light exposure is expected, but there are many unexpected danger come from those 
of indoor's, for example, computer screen light, office lighting, smart phone screen light, etc. Blue light cannot be 
absorbed by the cornea and crystalline lens, but directly transmits to the retina. If excessive absorption of blue light, 
may cause protein of crystalline lens destroyed appearing as cloud of white color; accelerate and degenerate the 
retinal pigment cells and photoreceptor cells; increase retinal cells acidification the likelihood of injury. In 2005, ten 
million Americans therefore lesions result in partial or complete loss of vision, and foreign reports also confirmed 
that blue light will cause macular disease. ORBIS Foundation made stats blindness worldwide population are over 
45 million people, among over 80% can be preventable and treatable.  
In order to reduce damage to the eyes and produce blocking blue light lenses, the related researches have been 
done. Hietanen measured the solar blue-light irradiance in a suburb of Helsinki, Finland (latitude 60°10’N) at noon 
on a total of three sunny days in different seasons in order to evaluate the hazard of solar blue light [8]. She showed 
that the maximum permissible exposure duration per day for the measured blue-light irradiance is only a few 
seconds. In previous study, solar blue-light radiance was determined for solar elevations up to 34° by measuring the 
spectral radiance of the Sun in winter in Machida, Japan (latitude 35°30’N) [9]. We showed that it can be hazardous 
to view the Sun at such solar elevations according to the guidelines of the International Commission on Non-
Ionizing Radiation Protection (ICNIRP) [10] and the American Conference of Governmental Industrial Hygienists 
(ACGIH) [11]. Blue light transmittance of the previous measurement methods are generally described as reference 
[12]. Single or double monochromatic instruments use two diffraction gratings or a prism and grating combination. 
The stray light elimination characteristics of a double monochromatic instrument are marked superior (typically 
1/100th to 1/1000th of a single grating). In monochromatic or polychromatic illumination, the sample is illuminated 
with monochromatic or polychromatic light via different setting. 
Solar radiation contains 25% to 30% blue light. The compact fluorescent lamp has approximately 26% in the 
blue portion of the spectrum, and the cool white light-emitting diode (LED) has 35% of the optical blue radiation. 
Early in life, blue represents about 20% of the visible light received by the retina, dropping to about 14% at 50 years 
of age and to 10% at 70 years [13]. By 2050, the number of Americans with early-stage AMD is expected to double 
from 9.1 million to 17.8 million [14]. However, scientific findings on blue light suggest that fully protecting the eyes 
from light damage requires more than just blocking UV. 
Due to the quality varieties for blocking blue light in eyeglass lenses on the market, our research has begun to 
check whether the lenses really have the blue light blocking effect. By visiting a number of optical glasses shop, we 
found only a few using instruments to measure lens transmission data, so we began to develop this measuring device. 
The measuring device is consists of three units: transmitter, receiver and signal processing unit, wherein the 
transmitter and receiver are collectively referred to transceiver, for detailed system design description please refer to 
section 3. 
 
Nomenclature 
LED Light Emitting Diode 
RPE Retinal Pigment Epithelial 
AMD Age-related Macular Degeneration 
ICNIRP International Commission on Non-Ionizing Radiation Protection  
ACGIH American Conference of Governmental Industrial Hygienists 
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2. Principle 
2.1 Multiple Feedback Topology (MFB) Band-Pass circuit 
Equation (1) shows a high-pass response was generated by replacing the term S in the low-pass transfer function 
with the transformation 1/S. Likewise, a band-pass characteristic is generated by replacing the S term with the 
transformation: 
       (1) 
To develop the frequency response of a second-order band-pass filter, apply the transformation in equation (1) to a 
first-order low-pass transfer function as shown in Eq. (2): 
       (2) 
Yields the general transfer function for a second-order band-pass filter in Eq. (3): 
      (3) 
The MFB band-pass circuit in Fig. 1 has the following transfer function, as shown in Eq. (4): 
   (4) 
Comparison with the coefficients of Eq. (3) and of Eq. (4) yields the following equations:  
      (5) 
       (6) 
 Q=πfmR3C      (7) 
       (8) 
Where fm is mid-frequency, Am is gain, Q is filter quality and B is bandwidth. The MFB band-pass allows to 
adjust Q, Am and fm independently. Bandwidth and gain factor do not depend on R3. Therefore, R3 can be used to 
modify the mid frequency without affecting bandwidth B or gain Am. For low values of Q, the filter can work 
without R3, however, Q then depends on Am via [15]: 
 -Am=2Q2      (9) 
From equations (5-8), one can obtain R1, R2 and R3: 
       (10) 
       (11) 
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       (12) 
   
 Fig. 1 Multiple feedback topology band-pass circuit. Fig. 2 Half-wave rectifier circuit. 
2.2 Half-wave rectifier circuit 
A diode connects in the forward direction at the output of Operational Amplifier (OPA) and the cathode 
feedbacks to the negative terminal of OPA will form a half-wave rectifier circuit, as shown in Fig. 2. When Vin is 
connected to the positive terminal of the OPA, and Vin > 0, then the diode is on. From Fig. 2, we can be obtained 
     (13) 
As A is very large, therefore the second term can be neglected  
       (14) 
Thus 
      (15) 
When Vin<0, the diode is off, and no current flows through the load R1, hence Vout=0 [16]. 
2.3 Operation Principle of Si Photodiodes [17] 
The P-type region (P-layer) at the photosensitive surface and the N-type region (N-type) at the substrate form a 
PN junction which operates as a photoelectric converter. By controlling the thickness of the outer P-layer, N-layer 
and bottom N-layer as well as the dopant concentration, the spectral response and frequency response can be 
controlled. An equivalent circuit of a Si photodiode is shown in Fig. 3.  
Fig.4 shows HAMAMATSU S1223 photodiode spectral response curve. The change in dark current ID is 
approximately linear in a voltage range of about ±10mV. The slope in this straight line indicates the shunt resistance 
Rsh, and this resistance is the cause of thermal noise current. For HAMAMATSU Si photodiodes, the shunt 
resistance values are obtained using a dark current measured with 10mV applied. Si photodiode noise current in is 
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the sum of the thermal noise current ij (Johnson noise current) of a resistor which approximates the shunt resistance 
Rsh and the shot noise currents resulting from the dark current iSD and the photocurrent iSL. 
     (19) 
  
 Fig. 3 Si photodiode equivalent circuit. Fig. 4 HAMAMATSU S1223 photodiode spectral response curve. 
ij is viewed as the thermal noise of Rsh given by 
       (20) 
Where B is bandwidth. The shot noise iSD of the dark current is given by 
     (21) 
Where Id is dark current. When a photocurrent iL is generated by incident light, iSL is given by 
     (22) 
If iL>>0.026/Rsh or iL>>iD, the shot noise current iSL of equation (22) becomes predominant instead of the noise 
factor of equation (20) or equation (21). The amplitudes of these noise sources are each proportional to the square 
root of the noise bandwidth B so that they are expressed in units of (A/Hz1/2) normalized by B.  
2.4 Color Science Principles 
Spectrophotometers measure the physical attributes of a material concerning its reflection or transmission of 
light. This information through tristimulus integration results in the numerical expressions of color as references [18-
22] 
     (23) 
Where X, Y and Z are the tristimulus values defined in the CIE 1931,  is the stimulus function, k is a 
constant, ,  are the color matching functions. 
22   Der-Chin Chen et al. /  Procedia Engineering  140 ( 2016 )  17 – 29 
     (24) 
Where ,  and  are the tristimulus values defined in the CIE 1964 standard colorimetric system,  
is the stimulus function, k is a constant, ,  are the color matching functions. Fig. 5 shows 
the CIE 1931 and CIE 1964 color matching functions [23]. For object colors, the color stimulus function is defined 
as 
                   (25) 
 
Fig. 5 CIE 1931 and CIE 1964 color matching functions. 
Where  and are the spectral reflection or the spectral radiance factor or the spectral 
transmittance, respectively.  is the object with the spectral power distribution of illuminated irradiance. For all 
practical purposes involving calculation, formula (23) can be approximated by 
                 (26) 
Where Δλ is the wavelength interval may be either 1, 5, or 10 nm. The chromaticity coordinates x, y and z are 
derived from the tristimulus values X, Y and Z as follows: 
             (27) 
CIE 1960 UCS chromaticity diagram, the chromaticity coordinates of the original (x, y) or the tristimulus 
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values (X, Y, Z) or (X10, Y10, Z10), the following formula is converted into new chromaticity coordinates (u, v), i.e., 
                  (28) 
1975 Eastwood expanding 1.5 times the value of the longitudinal axis v for originally UCS chromaticity 
diagram, to improve the uniformity of the chromaticity diagram, thus defining the (u', v') or (u10', v10') called the CIE 
1976 UCS chromaticity diagram the u'v' chromaticity diagram or u10'v10' chromaticity diagram, i.e. 
   (29) 
Two different color system based on use of three-dimensional color space right angle coordinate system can be 
divided into CIE 1976 L * a * b * color space and CIE 1976 L * u * v * color space, the scope of application  (X / Xn or 
X10 / Xn10 or Y / Yn or Y10 / Yn10 or Z / Zn or Z10 / Zn10> 0.008856), its formula is 
                  (30) 
                                 (31) 
Where (Xn, Yn, Zn) or (Xn10, Yn10, Zn10) is tristimulus values of complete reflection surface; (Yn, un', vn') or (Yn10, 
un10', vn10') is tristimulus values and chromaticity coordinates of complete reflection surface. CIE L * a * b * or CIE L 
* u * v * color space, i.e., between (L1 *, a1 *, b1 *) and (L2 *, a2 *, b2 *) or (L1 *, u1 *, v1 *) and (L2 *, u2 *, v2 *) of color 
deviation ΔEab * or ΔEuv * can be written as 
            (32) 
             (33) 
          (34) 
            (35) 
2.5 Dyeing lenses 
In the production process of the dyeing lenses are doped with chemical substances, it will absorb specific 
wavelengths of light. General dyeing lenses can be divided into two representations, first way expressed the dyeing 
depth as No. 1 to No. 3 or expressed as percentage of blocking. Where, No.1 is hardly any dye, No.2 is about 
average, No.3 is quite dark as recommended in the Peckham and Harley study [24]. Depending on different shades 
of the brand products, so there is no way to unification. Fig. 6 shows the blocking blue light dyeing lenses. Table 1 
lists the standard sunglasses of Australia. 
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Table 1. Lists the standard sunglasses of Australia 
Lens 
Category 
Transmittance  
(τv) 
The minimum value of relative visual attenuation factor (Q) for traffic signal 
Red Yellow Green Blue 
0 80%-100% 
0.8 0.6 0.7 
1 43%-80% 
2 18%-43% - 
! !
 Fig. 6 Blocking blue light dyeing lenses. Fig. 7 System structure. 
3. System Architecture!
Fig. 7 shows the system structure. There are three units: transmitter, receiver and signal processing unit, 
wherein the transmitter and receiver are collectively referred to transceiver. Transmitter uses Darlington drive circuit 
to generate a highly intensive pulsed light of the blue LED light source. Receiver uses Si photo detector to receive 
the light. The signal processing circuit consists of amplifier circuit, band-pass filter circuit and half-wave rectifier 
circuit. The light signal is detected through amplification and takes the analog signal converted to digital signal, 
after that, the microprocessor calculates the transmittance, and finally shows the measured result on LCD. Table 2 
lists the system specifications. 
Table 2. System specifications. 
Items Specification 
Wavelength range 400nm-700nm 
System Dynamic Range 4~255 byte 
System cut-off frequency 10kHz 
LED peak wavelength! 470nm 
LED Diameter! 5mm 
Operating voltage ±5V 
A / D resolution 8 bits 
Total error A / D unadjusted! ± 1 LSB 
A / D conversion time! 100μs 
Amplifier offset voltage 2.0μV(max) 
Amplifier bandwidth 1MHz 
Noise equivalent power (NEP) 9.4h10-15W/Hz1/2 
Dark Current 10nA˄max˅ 
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4. Experimental steps and results analysis!
4.1 Experimental steps 
Firstly, place the blue light blocking eyeglass lens between the LED light source and photodiode. When the 
system is under test, each piece of blocking blue light eyeglass lenses needs to do twenty five times of 
measurements. The transmittance of the blue light blocking eyeglass lens is the mean of the spectral transmittance 
between 380-500nm and appropriate weighting functions [19]. The calculation of τsb (see ISO 4007) as a percentage 
is as follows: 
                                     (30) 
Where, λ is the wavelength in nanometers; τ(λ) is the spectral transmittance; ES(λ) is the solar radiation at sea 
level for air mass 2 [20]; B(λ) is the blue-light hazard function [21]; WB(λ)=ES(λ)·B(λ) is the complete weighting 
function of this product. The values of ES(λ), B(λ) and WB(λ) are given in ISO12311 Annex E. And then calculate the 
percentage transmittance of each piece. 
Secondary, take the measured blue light blocking eyeglass lens between the blue screen and a colorimeter, and 
measure each piece of blocking blue light eyeglass lenses whether have color deviation, and take twenty five times 
to make the average. In this paper, blue light blocking eyeglass lens of transmittance and color deviation results are 
shown ten times only. The chromaticity coordinates x, y and z are derived from the tristimulus values X, Y and Z as 
follows [22]: 
                                                           (31) 
The vertical projection onto the xy-plane is the chromaticity diagram xy (view direction). To reconstruct a 
color triple XYZ from the chromaticity values xy we need an additional information, the luminance Y [23]. Equation 
(31) can be calculated the color deviation. Fig. 8 is a CIE color space chromaticity diagram [24]. 
  
 Fig. 8 CIE color space chromaticity diagram. Fig. 9 Product image. 
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4.2 Experimental Results 
Fig. 9 shows the individual system circuit layout and the final product. Fig. 10 and Fig. 11 are pictures taken by 
using the camera (Sony Cyber-shot DSC-W320) under fluorescent lights and different colors of blocking blue light 
eyeglass lens in front of the camera. From Fig. 10 and Fig. 11, one can see the color difference of the image, which 
taken with the light color series of blocking blue light eyeglass lens. That is because the deep color series will cause 
color deviation, which is not included in the experiment.  
 
Where (a) origin image; (b) light green blocking blue light lens; (c) deep green blocking blue light lens; (d) pink blocking blue light lens; (e) light 
blue blocking blue light lens; (f) deep blue blocking blue light lens; (g) light purple blocking blue light lens; (h) deep purple blocking blue light 
lens; (i) coated blue flim blocking blue light lens. 
Fig. 10 Variety of different color deviation blocking blue light lens. 
 
Where, (a) origin image, (b) 20% brown blocking blue light lens, (c) 30% brown blocking blue light lens, (d) 100% brown blocking blue light 
lens, (e) light yellow blocking blue light lens, (f) deep yellow blocking blue light lens, (g) orange blocking blue light lens, (h) dark green blocking 
blue light lens, (i) deep grey blocking blue light lens. 
Fig. 11 Variety of different color deviation blocking blue light lens. 
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We used eight kinds of blocking blue light eyeglass lens as test samples, which are pink, blue, green, purple, 
20% brown, 30% brown, coated blue film and yellow blue light blocking lens. Fig. 12 shows the dark current taken 
from the spectrometer of Ocean USB2000 and Fig. 13 shows the blue LED emission spectrum. Fig. 14 and Fig. 15 
show the blue light transmittance spectrum of 20% brown blocking and coated blue film blocking blue light 
eyeglass lens respectively. 
!  
 Fig. 12 Spectrometer dark current spectrum. Fig. 13 Blue LED spectrum. 
 
!  
 
4.3 Results Analysis 
The system uses optical pulse modulation and filter circuit can effectively prevent ambient light interference. 
Table 3 listed the comparison of the transmittance error of various blocking blue light lenses measured by the 
proposed device and the Ocean USB2000 spectrometers. The color of the blocking blue light lens cannot too deep, 
because that will cause too dark to see the object and has large color deviation. From table 3, one can see the blue 
light transmittance of blue blocking lens is relatively high compared to those of the lenses’. Table 3 also shows the 
accuracy reach up to 6%. The color deviation percentages listed in Table 4 for a variety of blocking blue light lenses 
in CIE xy coordinates shows that 20% brown blocking blue light lenses and coated blue film lenses have only 3% 
color deviations. 
Table3.The comparison of the transmittance error of the proposed device and the Ocean USB2000 spectrometer. 
Fig. 14 Blue light transmittance of 20% brown 
blocking blue light lens spectrum. 
Fig. 15 Blue light transmittance of coated blue 
film. 
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Blocking blue light lenses Proposed 
device 
Spectrometer Transmittance percentage error 
Pink 78.75% 78.97% 0.22% 
Green 78.31% 78.93% 0.62% 
Blue 86.52% 91.39% 4.87% 
Purple 82.07 87.82% 5.75% 
20%Brown 83.08% 85.94% 2.86% 
30%Brown 77.49% 77.23% 0.26% 
Blue film  93.94% 92.52% 1.42% 
yellow 74.15% 70.23% 3.92% 
Table 4.The color deviation percentage of blue light blocking lens in CIE xy coordinates. 
Blocking blue light lens x y x+y 
Pink 1.17% 7.65% 8.82% 
Green 0.97% 16.29% 17.26% 
Blue 3.44% 7.36% 10.8% 
Purple 2.34 6.77% 9.11% 
20% brown 1.75% 0.79% 2.54% 
30% brown 0.13% 6.67% 6.8% 
Blue film  1.95% 0.98% 2.93% 
yellow 0.84% 20.41% 21.25% 
5. Conclusion!
Based on the experiment, the brightness of the blue light blocking lenses cannot be too low which will cause 
color deviation problems. From the analysis result in table 4, the color deviation is nearly 17% at green blocking 
blue light lenses and 21% at yellow blocking blue light lenses on y coordinates. Therefore, these two blocking blue 
light lenses are not suitable for use as blocking blue light lenses. The color deviation of coated blue film and 20% 
brown blocking blue light lens are nearly 3% on xy coordinate. But, those of 8% in 30% brown and 17% in green 
lenses are also not suitable for blocking blue light lens using. Thus the most suitable for blue light blocking lenses 
using is 20% brown blocking lens. In the future, this proposed device may be used as a powerful measurement tool 
on the eyeglasses test line. 
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